INTRODUCTION Anaemia is associated with cancer. In 2014 a new form was introduced in our department requesting a haemoglobin (Hb) result on every two-week wait referral for suspected colorectal cancer (CRC). The aim of this study was to review the impact of this intervention. In particular, the significance of any evidence of anaemia (without additional indices) was investigated. METHODS A review was conducted of 1,500 consecutive suspected CRC referrals recorded prospectively over a 10-month period. Data on demographics, referral Hb, referral criteria and outcomes were analysed. Anaemia was defined according to World Health Organization criteria (Hb <120g/l for women, Hb <130g/l for men). RESULTS Overall, 1,015 patients were eligible for inclusion in the study. Over a third (38.2%) were documented as anaemic on referral. These patients were three times more likely to be diagnosed with CRC than non-anaemic patients (odds ratio [OR]: 3.22, 95% confidence interval [CI]: 1.87-5.57). Using a more stringent threshold (Hb <100g/l for women and <110g/l for men), they were four times more likely to have CRC (OR: 4.27, 95% CI: 2.35-7.75). Almost a quarter (23.7%) were actually anaemic at the time of referral but not referred with anaemia. In this subgroup, there was a 2.8-fold increase in risk of CRC diagnosis compared with non-anaemic patients (adjusted OR: 2.77, 95% CI: 1.55-4.95). CONCLUSIONS Nearly a quarter of patients not referred with iron deficiency anaemia had evidence of anaemia and this was still associated with a higher rate of CRC detection. A full blood count alone might help to risk stratify symptoms such as change in bowel habit in patients on urgent pathways and identify those cases most likely to benefit from invasive investigation.
cancer detection rate within this pathway has stayed stubbornly below 10% among those referred and just as many cancers are diagnosed in those referred via routine pathways. [3] [4] [5] [6] Approximately, a third of patients referred via this pathway have no detectable pathology and another third have no pathology that mandates intervention or treatment. In 2015 new National Institute for Health and Care Excellence (NICE) guidance updated and broadened the referral criteria, with a benchmark for investigation of any symptom with a positive predictive value for cancer of >3%. 7 Colonoscopy remains the 'gold standard' for whole colon investigation but it is expensive and invasive, with recognised complications. The pressure on endoscopy services is growing to unsustainable levels. The financial burden on the National Health Service (NHS) and the 2015 Montgomery v Lanarkshire Health Board judgement 8 must surely warrant a review of the appropriateness and cost effectiveness of less invasive methods. Flexible sigmoidoscopy 9 and computed tomography (CT) colonography 10 present obvious alternatives but they should ideally be performed *Non-author contributors: J Abercrombie, S Asgari, B Bharathan, R Briggs, H Edis, C Maxwell-Armstrong, K Mohiuddin, M Robinson, J Scholefield, K Thomas, K Walter, J Williams in the context of safe and reliable risk stratification within the 2WW pathway. 11 Iron deficiency anaemia (IDA) has been a criterion for referral on the colorectal 2WW pathway since inception because of its association with occult gastrointestinal (GI) bleeding from neoplastic lesions. 12 The stringency of thresholds for referral in IDA was relaxed in the 2015 NICE guidance. 7 IDA is recognised to have a high predictive value, and is commonly investigated with upper and lower GI endoscopy. 13 2WW referrals often do not include all of the indices required to determine the nature of a patient's anaemia and decisions to investigate were frequently made without this information in our service previously. The significance of anaemia in diagnosing CRC has been highlighted mainly in primary care studies. [14] [15] [16] [17] [18] However, secondary care studies have noted concerns over the referral of cases without evidence of iron deficiency while recognising that the previous cut-off levels in the 2005 guidelines might have been be too stringent. 19, 20 The presence of anaemia in patients with rectal bleeding is recognised as a risk factor in the 2015 NICE guidance 7 but its value in cases referred with other symptoms is less clear.
In 2014 a 'straight to test' (STT) colonoscopy pathway was implemented in our department to reduce the time to diagnosis in our 2WW pathway. 21 This was developed in conjunction with local clinical commissioning groups and general practitioners, and a new referral form was introduced that required additional patient information including results for haemoglobin (Hb), mean corpuscular volume and ferritin for every referral. It was agreed that a request for blood tests at the time of referral would also suffice. In fact, no referrals were rejected or returned even when this was not adhered to. The aim of this study was to review the impact of this intervention in a series of consecutive colorectal 2WW referrals received at our trust. In particular, the significance of any evidence of anaemia (without additional indices) was investigated.
Methods
Adults referred to the colorectal service at Nottingham University Hospitals NHS Trust under the 2WW pathway for CRC are recorded prospectively on a local database in accordance with best practice guidance. The name, date of birth, age, sex, hospital ID number, NHS number, date of referral and indication for referral are recorded for each patient. All referrals are screened by specialist nurses and vetted with a consultant colorectal surgeon to determine whether the STT pathway, an outpatient clinic appointment with a nurse specialist or consultant, or diversion of the referral is the most appropriate. Following this, the nurse has a telephone consultation with the patient to ensure that he or she is suitable for the pathway chosen. All cases referred under the 2WW pathway between 1 December 2014 and 9 October 2015 for suspected CRC were reviewed.
Data for Hb and ferritin at the time of referral were collected retrospectively from the hospital electronic reporting system. Investigations instigated from the referral review (either STT or outpatient appointment) were endoscopic (colonoscopy, flexible sigmoidoscopy or gastroscopy), radiological (CT of the abdomen and pelvis, CT of the chest, abdomen and pelvis or CT colonography), a combination of both, or there were no investigations after discussion with the patient or because of patient non-attendance. Investigation reports, cancer diagnosis and outcome were obtained from the hospital electronic reporting system.
Cohort
All patients referred under the 2WW pathway for suspected CRC were identified from the referral database created by specialist nurses at the colorectal service. Duplicate and rejected referrals were excluded, as were cases with no full blood count (FBC) on referral, no investigations or an unknown outcome.
The most recent Hb measurement at the point of referral was used to determine anaemia. Patients were considered to be anaemic if their Hb was <120g/l or <130g/l for women and men respectively, as defined by the World Health Organization (WHO). 22 In this paper, anaemia refers to unclassified anaemia (including IDA, non-IDA and anaemia where the distinction could not be made).
Where specified, IDA was defined as proposed by the British Society of Gastroenterology (ferritin <50µg/l in the presence of anaemia). 23 Patients with a referral criterion of IDA were considered as one group, irrespective of whether they had other symptoms. The presence of unclassified anaemia was ascertained for all referred cases. Age was categorised as 18-49, 50-59, 60-69, 70-79 or ≥80 years.
Outcome definition
CRC diagnosis was determined from investigation outcome. Evidence of lower GI malignancy on colonoscopy and histology reports confirming adenocarcinomas were reviewed for diagnosis. Cancers other than CRC and benign diagnoses were not the focus of this study.
Statistical analysis
Data were assessed for normality using histograms and a Shapiro-Wilk test. Comparisons were made between continuous variables using the Student's t-test if normally distributed or the Mann-Whitney U test if not normally distributed. Categorical data were summarised using frequencies and percentages. Missing data were classified in a separate category and included in models. Comparisons were made between categorical data using chi-squared tests. Logistic regression analysis was used to test the association between diagnosis of CRC and anaemia, accounting for age and sex. All statistical analysis was performed using Stata ® version 14 (StataCorp, College Station, TX, US). A p-value of <0.05 was considered statistically significant.
Results
A total of 1,500 referrals under the 2WW pathway for suspected CRC were reviewed. Twenty-eight duplicate referrals were excluded. Two referrals were diverted: one patient had signs and symptoms appropriate for the upper GI pathway, and a second case was deemed medical and referred to the gastroenterology team. These two patients were excluded from analysis. Referrals for 334 patients (22.3%) had no Hb at referral. Ten (3%) of these had a ferritin measurement only with seven of these ten having low ferritin. Seventeen of the patients with no Hb at referral (5.1%) were actually referred with IDA. However, only three had a ferritin level (all <50µg/l). Among the cases with no Hb at referral, there were ten diagnoses of CRC (3.0%). Two of these were referred with IDA with no blood results to confirm this. The 334 referrals with no HB were not included in subsequent analysis. A further 121 referrals (8.1%) were excluded from the study as they had no investigation and therefore an unknown outcome. Consequently, 1,015 patients were selected for further data analysis (Fig 1) . 
Investigations and outcomes
A breakdown of the different tests requested is given in 
Discussion
These data demonstrate that anaemia (with or without evidence of iron deficiency) in symptomatic patients referred via the 2WW pathway for suspected CRC indicates an approximately three-fold increase in the likelihood of CRC diagnosis compared with those who are not anaemic. Clearly, this has value in deciding which cases are most likely to benefit from colonoscopy and which might be better investigated with CT colonography or flexible sigmoidoscopy as a first test. Interestingly, in our study, anaemia was a stronger predictor of increased risk than actual referral with IDA (adjusted OR: 2.8 vs 1.8). However, the group with anaemia obviously contains patients with unidentified or early iron deficiency and some patients in this cohort might have had anaemia corrected in primary care. Importantly, evidence of anaemia was associated with a higher rate of CRC detection in those referred with CIBH and CIBH without anaemia had a predictive value of <3% in our cohort (Table 4 ). All but one of the patients with right-sided cancer had anaemia or a synchronous left-sided lesion. We propose that every 2WW referral should include a Hb result or a FBC request at the very least. This cohort is selective (chosen for urgent referral by our colleagues in primary care) and it is not proposed that all individuals with anaemia should be referred for investigation. Nevertheless, the significance of anaemia in cases with other symptoms suggestive of CRC is perhaps underestimated in the secondary care setting and waiting for ferritin results when they are not initially available may not be valuable.
In a retrospective study, it is difficult to distinguish those patients who were anaemic (iron deficient or otherwise) and completely asymptomatic from those who had anaemia with symptoms. However, in our cohort, a substantial proportion of patients referred for other symptoms were in ). It should be highlighted that despite our new form mandating a Hb measurement, more than a fifth of referrals were received without FBC results and ten cancers were diagnosed in this group. These missing data might confound our results. On the other hand, the CRC detection rate for these cases (3.0%) mirrors that in our non-anaemic group (3.3%).
IDA is amenable to therapy with several modalities and this is particularly important as preoperative anaemia is strongly linked with higher morbidity and mortality following surgery. It has been shown that preoperative Hb ≤100g/l is associated with a significant increase in perioperative mortality in patients undergoing non-cardiac surgery. 24 Furthermore, poor oncological outcomes have been observed after perioperative blood transfusion. 25, 26 Anaemia has also been associated with poor response to neoadjuvant chemoradiotherapy in rectal cancer. 27 Early identification and intervention to address a potentially reversible risk factor must therefore be considered best practice 28 although it is acknowledged that not all CRC responds to therapy. 29 The cost of diagnostics in the 2WW pathway for CRC is enormous, and the majority of patients endure the anxiety and discomfort of invasive investigation without any treatable pathology identified. There is clearly a need to stratify risk in this pathway to improve clinical effectiveness.
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Such stratification could help to choose which test patients should undergo.
The value of IDA as an indicator for whole colon investigation has been well described, 13 as has the value of combinations of other symptoms. 30 However, the relevance of any anaemia in combination with other symptoms has been ignored in secondary care models, which focus more on the nature of symptoms, 11 although it does feature in primary care scoring systems such as QCancer ® , 15 BB (Bristol-Birmingham) equation 16 and the CAPER (Cancer Prediction in Exeter) score. 17 Our data suggest that including anaemia in secondary care risk stratification could be valuable, particularly if combined with newer diagnostic aids such as quantitative occult blood testing using the faecal immunochemical test (FIT). 31 Our study period mostly precedes the publication of the new NICE guidance on urgent cancer referral in June 2015. 7 These guidelines broadened the range of cases to be referred and increased the pressure on secondary care services. Interestingly, they highlight the significance of IDA in young patients with rectal bleeding but not in patients with CIBH. NICE also opened the door for faecal occult blood testing, including in patients aged <60 years with any type of anaemia, without defining which test should be used. This drew criticism because of concerns around the guaiacbased faecal occult blood test (which has been withdrawn as a diagnostic test for symptomatic patients in our service) and many others because of poor sensitivity despite it being the mainstay of the Bowel Cancer Screening Project. Subsequently, the Bowel Cancer Screening Project made the decision to switch to FIT 32 but there is ongoing debate regarding appropriate cut-off levels for a much more sensitive test and the resource implications that follow. NICE has reviewed limited evidence on FIT for symptomatic patients and has tentatively recommended a cut-off value of 10µg of Hb per gram of faeces. 33 UK studies have reported the huge potential of FIT as a 'rule-out' test in CRC but uncertainty surrounds the threshold at which cancer can safely be excluded, with the Dundee group having to adjust its cut-off value for positivity to a lower level than planned initially. 34, 35 Furthermore, a
Scandinavian study of 373 patients suggested that a combination of FIT and Hb concentration might yield enhanced diagnostic performance for significant bowel disease. 36 The FAST score (combining faecal Hb, age and sex) holds great promise 31 but our data suggest that it could be developed further by including anaemia.
Clearly, if urgent referral pathways are to produce better clinical outcomes, the system must promote diagnosis at an earlier stage and allow optimisation of all potentially reversible risk factors. Our 2WW pathway now aims to identify anaemia at referral in order to improve on both of these measures. Importantly, anaemia could be used as a risk stratification tool to select lower risk patients for CT colonography and flexible sigmoidoscopy instead of colonoscopy. This could reduce the need for double investigation with subsequent endoscopy and biopsy in those with abnormal first tests without increasing the risk of missed diagnosis.
Unfortunately, almost a quarter of referrals are still sent with no information on FBC. The introduction of the electronic referral service might present an opportunity to make FBC (and other blood test) results or requests mandatory. In conjunction with our local commissioners and colleagues in primary care, we are currently exploring new algorithms based on local data to ensure a Hb value is considered for every referral so that the clinical effectiveness of our 2WW pathway can be improved.
Conclusions
Nearly a quarter of patients not referred with IDA had evidence of anaemia and this was still associated with a higher rate of CRC detection. A full blood count alone might help to risk stratify symptoms such as CIBH in patients on urgent pathways and identify those cases most likely to benefit from invasive investigation.
Conflicts of interest
AB and ON are joint directors of Nuhcleus Ltd, which provides software currently used for data collection and management. This software was not in use during the study period. The research department of AGA has received grant support from Syner-Med (UK), Vifor Pharma (Switzerland) and Pharmacosmos (Denmark). AGA has received honoraria and travel support for consulting or lecturing from Ethicon Endo-Surgery (UK), Johnson & Johnson (UK), Olympus (UK) and Vifor Pharma (Switzerland).
